A bstract. The respiration of excised hypoeotyls and of isolated hypocotyl mitochondria from soybean [Glycine max (L.) Merr., var. Wayne] was determined in various concentrations of sucrose and potassium chloride. Hypocotyl oxygen uptake deciined with increasing solute concentration; no specific effects of either solute were apparent. Mitochondrial state III respiration was strongly inhibited as the solute concentrations were raised and there was in addition a specific inhibitory effect of the salt. State IV respiration, however, was unaffected by the presence of osmoticum. ADP/O ratios were also unaffected, except at high potassium chloride concentrations (470 mil). The primary effect of solutes was thus to limit the rate of substrate oxidation.
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Hydrostatic pressure did not reverse the decline in net phosphorylation accompanying reduced oxidation. It was inferred therefore that the inhibition was not due to lower water potential per se! but rather to some other effect of water or solute ooncentration.
The effect of solutes on a mitochondrial enzyme, malate dehydrogenase, was also examined. Suerose inhibited malate oxidation by both the mitochondria and the isolated enzyme in parallel, while potassium chloride was more inhibitory on the isolated enzyme. It was concluded that although the addition of solute lowers the water potential, the primary effects are exerted through specific effects of the solute on enzyme activity.
Although plant respiration is always retarded by the net loss of relatively large amounts of water, the effects of smaller changes in water content are variable. There are two main responses, either the respiration is stimulated with small decreases in water content or inhibition occurs at all water deficits (3, 7) .
The reasons for these changes in respiratory metabolism under conditions of stress have remained largely uinexplored. Kursanoov (15, see also 17) reasoning from the decrease in phosphorylated compounds reported by Zholkevich and Koretskava (24) and from the stimulated respiration that sometimes occurs during drought, concluded that oxidation and phosphorylation become uncoupled. Flowers (11) found potato disks to show an increasing inhibition of 14C-labeled acetate, glucose and succinate utilization, together with decreasing malonate sensitivity 3 The following abbreviations are used in the text: TES for N-tris (hydroxymethyl) -methyl-2-aminoethanesulphonic acid; BSA for bovine serum albumin; and TPP for thiamine pyrophosphate chloride. TPP (03 mM); CoA (0.13 mM); magnesium chloride (4 mM) and phosphate (3.8 mM) together with an osmoticum. Succinate (10 mntI) was used in place of malate in a number of assays as indicated in the text. The pH was adjusted with KOH. The oxvgen content of reactionlmixtures was determined using protocatechluic 4-5-oxygenase with protocatechuic acid as substrate; 1 mole of protocatechuic acid is equiivalent to 1 mole of 0., (cf. Dagley et al. 8 ).
All measurements were made at room temperature (230 ± 1°). Acceptor control ratios (ACR) and ADP/O ratios were determined after the addition of 200 to 350 nnioles of ADP, as described by, Estabrook (10) .
Oxygen uptake of hypocotvls was determined at 250 bv standard \Varburg manometrv. Six 2-cm hypocotvl segments (approximately 0.4 g fresh wt) were placed in each flask and 0. measured over a period of 1 hr. Hypocotv\ls grown under normal conditions were used for experiments involving osmoticallv induced water deficits and in these experiments the osmoticum was buffered with TES (50 mm, pH 7.5). The respiration rates of hvpocotvls from seedlings raised under drier conditions were determined in dry flasks.
Both mitochondrial and hypocotyl protein was estimated using the method of Lowry et al. (16) with BSA as standard. Dried hypocotyls were extracted once with trichloroacetic acid (5 % w/v) before protein was dissolved overnight (at 400) in N-NaOH.
Phosphorvlation w as determined in the pressure experimiients (see below) by estinmating the chainge in Pi in a mediunm consistin.g of BSA (1 mg ml-') TES (20 (Fig. 2A) . The return to state IV respiration was followed after approximately 1 min by a spontaneous increment in the respiration rate (see Fig. 2 ). This increment was apparent in all sucroSe concentrations used (up to 930 mM), although somewhat reduced in magnitude at the higher concentrations. In KCI solutions the increment was not apparent at concentrations greater than 230 mM. Since the nature of this stimulated respiration was not understood, only the results obtained with the initial state IV rate will be reported: acceptor control ratios and ADP/O ratios were calculated from this initial state IV rate.
Succinate+pvruvate was oxidized at high rates, particularly during state IV respiration (Fig. 2B) Acceptorless (state IV) respiration was only slightly influenced as the concentration of osmoticum was raised (Fig. 3) : maximum rates occurred in solutions with an osmotic potential of about -10 bars. Rates in KCl and in sucrose solutions were similar. State III respiration rates were strongly ihlhbited as the water potential Nx'as decreased. Althouglh not shown, rates in the absence of added solute were occasionally lower than with 120 mM KCl or 230 mM sucrose. The inhibition of state III respiration was more marked than with intact tissue (cf . Fig. 1 ); hypocotyl respiration was inhibited by 1.1 % per bar while mitoclhondrial respiration was inhiibited by 4.9 % per bar by sucrose. In addition there was a pronounlced effect of salt over and above that of sucrose (inhibition by KCI was 8.9 % per bar).
Experiments with alterinative solutes indicated that the effects of glucose were similar to those of sucrose and NaCl to KCI.
Since state IV respiration was largely unaffected by increased solute concentration, the marked decline in ACR (Fig. 4) occurring with decreased osmotic potential was due to the decline in state III respiration.
Althotigh the ACR declined as the osmotic potential was lowered this was not the case for ADP/O ratios. Neither sucrose nor KCI had any significant effect upon the latter between 0 and about -115 bars with high respiration rates. The limitations imposed on oxidation must be through effects on substrate penetration, electron transport or the coupled phosphorylation mechanism.
At this point it became important to distinguish between effects of water potential and those due to solute concentration. If the noted decline in respiration with increased solute were due to the lowered water potential, it should be possible to reverse the decline by raising the potential with pressure. Technical difficulties prevented following respiration under pressure. The procedure adopted for this experiment (determination of Pi) made use of the fact that total phosphorylation reflected respiration (since ADP/O ratios were not significantly changed). A hexokinase trap was added to the medium and the reaction run in a hypodermic syringe which could be loaded with weights to give a known pressure. The experiment was terminated prior to the exhaustion of oxygen in the solution as determined by separate measurement with the oxygen electrode.
At no time could an effect of pressure on net phosphorylation be detected (table I) . Hence there is no evidence that water potential per se affects mitochondrial activity. The strong inhibition must be due to increasing solute concentration.
Malate Dehydrogenase. Further indication that the effect of solute was due to a specific effect on reaction rates was obtained by assays of malate dehydrogenase activity at various solute concentrations. The enzyme was niarkedly inhibited by both sodium chloride and potassium chloride solutions (Fig. 6 ): rates in 470 mm solutions were 10 % of the rate in water. Sucrose also retarded the rate, but not as severely as the salt solutions: the rate in 930 mm sucrose was still 51 % of the control rate. A noticeable feature of the inhibition in sucrose was that the relative inhibition of malate dehydrogenase activity corresponded closely to the retardation of 02 uptake (Fig. 7) by mitochondria oxidizing malate. This relationship was less obvious with potassium chloride as the solute. At low concentrations of KCl '(120 mM) malate dehydrogenase activity was greatly reduced although O2 uptake was hardly affected. With concentrations greater than 120 mM however, unit decrease of malate dehydrogenase activity was more nearly associated with unit decline of O2 uptake.
The explanation may lie in penetration of the mitochondria by potassium chloride. In the absence of substrate mitochondria swelled spontaneously when transferred from sucrose to KCI solutions, presum- In our exp)eriments, however, malate oxidation by mitochondria and malate dehydrogenase activity from sonicated nmitochondria showed parallel sucrose inhibition ' (Fig. 7) . If there were any physical barriers they were not uinique to the osmotically contracted mitochondrion but to the enzyme itself.
This analysis suggests that the critical response to increasin,g solute lies with one or more enzymes.
Either the solute acts directly on the enzyme or does so indirectly by altering some aspect of enzyme hydration. In the case of the inhibition of malate dehydrogenase (Fig. 7 ) the steady decline in activity with increasing sucrose concentration might be attributed to gradual changes of water structure surrounding the enzvme (cf. 14). This may result from specific interactions between water and solute. However, potassium chloride clearly produces in addition some drastic change in the properties of the enzyme.
The absence of specific effects of either solute on the hypocotyl respiration (Fig. 1) probably reflects the ability of the plasmalemna to restrict the penetration of KCl as compared with the mitochondrial membrane. The different sensitivities of tissue and mitochondria may have resulted from the unlikelyhood that, in vivo, all of the mitochondria are respiring at state III rates, where the solutes are inhibitory.
As we noted in the introduction, it has been proposed that lowered water content (or potential) decreases phosphorylative efficiency. This generalization is definitely not true of soybean niitochondria, except possiblv at high solute concentrations. It may prove relevant that hypocotyl respiration is not stimulated in this tissue by water deficit. Net phosphorylation is of course reduced concomitant with the fall in respiration.
Although the water potenitial concept is extremely useful in problems of water flux we cannot see the absolute relevance to the effects of water deficit on enzyme activity. The concept has its value, however, in expressing the extent of water withdrawal from osmotic systems where metabolic functions are being determined.
